Electron microscopy as a methodology for the study of mitochondria based on morphological features is a standard technique that has experienced little evolution over the course of several decades. This technology has identified heterogeneity of mitochondria populations across both whole tissues, as well between individual cells, using primarily ultrathin sections for transmission electron microscopy (TEM). However, this technique constrains the evaluation of a sample to a single two-dimensional plane. To overcome this limitation, scanning electron microscopy (SEM) has been successfully utilized to observe three-dimensional mitochondria structures within the complex microenvironment containing total cellular components. In response to these dual technical caveats of existing electron microscopy protocols, we developed a methodology to evaluate the three-dimensional ultrastructure of isolated mitochondria, utilizing a freeze-fracture step and rigorous preservation of sample morphology. This protocol allows for a more high-throughput analysis of mitochondria populations from a specimen of interest, as the sample has been previously purified, as well as a finer resolution of complex intra-mitochondrial structures, using the depth of field created by SEM.
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Method details
For the methodology provided here, mitochondria were isolated from cryopreserved C57BL/ 6 mouse tissue, however the method is applicable for many specimens of interest, including cultured cell lines or primary tissue samples from patient biopsy, for two examples-simply adjust the mitochondria isolation step as desired (i.e. use Mitochondria isolation kit (Product # 89,874; Pierce, Rockford, IL, USA) for cultured cells). For any experiments using research animals, ensure all protocols are reviewed and approved by the appropriate institutional animal care and use committee.
Materials
Specimen processing: Freeze fracture and sample mounting:
1 Using forceps, carefully remove DMSO impregnated samples from "Processing for electron microscopy,
Step 5 00 and place on prepared frozen surface. a Watch for freezing of residual DMSO surrounding sample to anchor sample to metal surface. 2 Firmly grasp one corner of a razor blade with forceps and place at 45 angle over pellet, making contact with the metal surface with one corner of the blade edge. Using a hammer, strike the elevated corner of the razor blade (not supported by the forceps) in a downward motion to fracture the pellet (Fig. 1) a Repeat as needed until desired number of fragments is obtained. Fracture should create a planar surface through the mitochondrial pellet. 3 Carefully and rapidly collect fractured pellet shards and thaw in a fresh solution containing 50% DMSO in 0.1 M sodium cacodylate buffer, pH 7.2 and incubate samples for 30 min at room temperature (22 C) to gently thaw. a Limit manipulation of the samples to reduce risk of damage to fractured surfaces. 4 Repeat "Processing for electron microscopy" Steps 1-3. Fig. 1 . Setup for freeze-fracture of isolated mitochondria samples. Example image for processing of Step 2 of "Processing for electron microscopy." Note the sample, indicated by the red circle, positioned on a solid metal surface prechilled with liquid nitrogen. The razor blade is held securely in place by forceps above the sample (A), making direct contact with fracture surface. Elevating the razor blade at a 45 angle over the sample creates an elevated target corner (B) to be struck firmly in a downward motion to cleanly fracture the pellet. 5 Remove final wash buffer by micropipette aspiration, and macerate samples in 3 mL of 0.1% osmium tetroxide in 0.1 M sodium cacodylate buffer, pH 7.2 buffer at room temperature (22 C) overnight (16 h). 6 Remove maceration buffer and wash, as described in "Processing for electron microscopy, Step 1. 00 7 Remove final wash buffer and incubate samples for one hour in a 1% tannic acid solution in 0.1 M sodium cacodylate buffer, pH 7.2 at room temperature (22 C). 8 Remove tannic acid solution, and wash as described in "Processing for electron microscopy, Step 1. 00 9 Remove final wash buffer incubate samples in a final post fixation solution containing 1% osmium tetroxide in 0.1 M sodium cacodylate buffer for one hour at room temperature (22 C), protected from light. 10 Remove post fixation solution wash as described in "Processing for electron microscopy, Step 1. 00 11 Remove final wash buffer and dehydrate samples by moving mitochondria fragments through a graded series of ethanol washes, each wash for 10 min at room temperature. a Ethanol dehydration steps: 30%, 50%, 70%, 85%, 95%, and 100%, using molecular grade ethanol diluted in ultrapure water. 12 Proceed to critical point drying of samples, as per standard processing for SEM.
a For example, in brief: i Cover sample in 100% ethanol, transfer into Critical Point Dryer, such as Samdri1-PVT-3D (Tousimis, Rockland, MD, USA). ii Cool the chamber to À10 C iii Fill the chamber with liquid CO2, close system, and incubate for 2 min. iv Purge chamber, and recool, repeating steps ii-iv for 9-10 cycles. v Fill the chamber with liquid CO2 and begin heating chamber to critical point. vi Incubate at critical point for 4 min. vii Begin to bleed the chamber and slowly reduce pressure until sample can be retrieved. 13 Once dried, mount sample fragments onto a one-inch aluminum sample mount using doublesided carbon adhesive tabs and a colloidal graphite solution, as needed, and allowed to air dry. a When mounting, careful attention should be paid to ensure fractured surfaces are readily available for evaluation by SEM. 14 Coat mounted samples using a high-resolution 4 nm sputter coating of platinum, and analyzed samples using a field emission scanning electron microscope such as the Hitachi S-4800 (Hitachi Medical Corporation, Tokyo, Japan). 15 See Fig. 2 for example images.
